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CROSS SECTIONS AND POLARIZATION RATIOS OF DIPCLE CLOUDS 
ne 

Computation of the radar response from thin metallic dipoles has been 
carried out by Standard Rolling Milis? for the random-orientation distribution 
of dipoles described by Van Vleck, Hammermesh and Bisdk™. This distribution 
does not properly represent the behaviour of dipoles falling in air, as 
measurements made during the last few years at Defense Research Laboratory 
have shown that clouds of falling dipoles are either predominantly vertical 
or predominantly horizontal. A program for computing responses from horizontal 
and vertical dipoles by means of an IBM 650 digital computer has been written 
and some results have become available. The program has provided a, (0)/x° . 
the cross section of a vertical dipole to vertically polarized radars; 
0, (90)/r, the average cross section of a horizontal dipole to vertically 
polarized radars; and 0, ,(90)%°, the average cross section of a horizontal 
dipole to horizontally polarized radars. The indicated argument in these 
symbols is the angle between the dipole and vertical. ‘The cross-section 
average is made under the assumption that the azimuth distribution for hori- 
zontal dipoles is uniform. The results of this calculation appear in the last 
three colums of the tabulated data included in this report. In addition, a 
program has been written for computing the ratio of the vertical radar response 
to the horizontal radar response from a dipole cloud in which a fraction iy of the 
dipoles are vertical, the remainder being horizontal. The polarization ratios 
are given in decibels for several vahies of fy? dipole dimension, and elevation 


angle. 


The computation of the Case BO factors 2F', 2F", 2G', 2G", OH' and 2H", 
which depend upon the ratio of dipole length to effective radius, A= et/a = 84/w, 


Tined Engineering Report on Research and Development of Advanced Radar 
Techniques. Report No. 3-8, Sept. 30, 1954. RDO. No. R-107~48 SASB, issued 
pursuant to Contract AF 33(600)-22991, 


2 


J. H. Van Vleck, M. Hammermesh, and F. Block, "Theory of Radar Reflections from 
Thin Wires or Metallic Strips," J. Appl. Phys. 18, 274 (1947). 


a oe) 


; 24 5 Bene a ° 
ASD TN 61-37 6IWWRNESIS 


Secchi’ 


and the ratio of dipole half-length to wavelength, 1/2, has been carried out 


for a large range of A (4 is the dipole half-length, w is the dipole width, 
and a ig the radius of the equivalent cylinder). These factors are given in 
DRL AF Technical Memorandum No. 47° as functions of 4/2 and log 2A. The 


expressions used in the computation of the factors are the Van Vleck expressions; 


2Q" 
Ft = ——~, 9 - (1) 
gre + x 
2x 
ers Ss SCO ; (2) 
gre + x° 
“where 
: : Cos(2BL) - | 
X = 2 [se(ope) + Sos(@B4) - 2 
qm ~ logit - Cin(2pL) - sin(261) 
agt = —— eB) , (3) 


y(BL) + (pL) 


og! = — Vet) - So sileps) (4) 
vi(BL) + °(BL) 
si pi (BL - 2) si 
v(pe - 2) +teP(pe - 
(BEL "5 " s , 
ae poe Jiccg . 2 si(ept) (6) 


v°(pt - 3) + pe*(pn - &) 


3p, M. Brown, "Calculation of Dipole Radar Response for Vertical and 
Horizontal Dipoles," DRL AF Technical Memorandum No. 47, Contract No. 
AF 43(616)-5164 (15 March 1960). 


ASD TN 61-37 6GIWWRN 2515 


where 
W(x) = - (Q" - A") Cos x + 5 Si(4p4)Sin x , 
ta (x) = * Cin (484) Sin x - Enea # ae aed Cosx , 


2 t w a 1 ° . Si L 
Q"-A = A toe ot 2] - B Cin WBE - Cin(2B4L) - a+ pt Pil oy 


> ¥ 

a en : co A —< 

| p = =, si(y) a SEA ax, Cin(y) = i fg 8 ax 
The computations were carried out as described above using power-series 
expansions of Si(x) and Cin(x) up to 4/A =.0.5. Thereafter, these functions 


were computed by means of the asymptotic representations, 


Cin(x) = 0.577 + Log x - oun ; 
‘ bg Cos 
SiGe) 6 Boe 


‘The computation of the cross se¢ttions for horizontal and vertical 
dipoles was made using the expressions'!set up previously. These expressions 
were obtained from Van Vleck's expressions by substituting another set of 
angular coordinates, as described in DRL AF Technical Memorandum No. hz.” 
The new set of coordinates makes it possible to determine the response from 
both vertical and horizontal dipoles, where these are assumed tc be randomly 


distributed in azimuth. 


Se OE ae et 


e 4p, M. Brown, "Comparison of Forward os Backward Scattering from Dipoles," 
Cc 


DRL AF Technical Memorandum No. 43, Contract No. AF 33(616)-5164 (15 January 
1959), pp. 22-24. 
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The cross section 9, .(0) per vertical dipole, as measured by a 
vertically polarized radar (transmitting and receiving antennas vertically 
polarized), was computed from the expression, 

fa) 


2 
3 z =e [12(0) + (0) | (7) 


The argument (0) of the cross section denotes that the angle between the 


dipole and vertical is zero. The other symbols are 


X = wavelength of the radar signal 
4 = half-length of the dipole 
8 = elevation angle of the cloud in which the dipole is located 
q = = Sin @ 
p= = 
A(@) = 2F'L + 2G'(M + N)Cos qf - 2H'(M - N)Sin qt 
B(O) = 2F"L + 2G"(M+ N)Cos 24 - OH"(M- N)Sin qf , 


where 
_ Sin 2gt _ Sin(p-q) _ Sin(p+q 
-* eqk ” ws B-q) ”’ we B+q 


The cross sections per horizontal dipole, 0, (90) as measured by a 
vertically polarized radar, and 0) (90) as measured by a horizontally 


polarized radar, are computed with expressions, 


3 (90) 5/2 4 
— = dpe [2 sinte | {2° (a) + (a} ___cos'aaa (8) 
~ Xk ~ O (Sin‘a + Sin“@ Cos“a) 
1 
2 
o,,.(90) /2- got ee 
ae ne: E f (a) . (ah gre oe Om, 
PY 7% (Sina +.Sin°@ Cos“a) 
= fh es 
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prativtd 


where 
A(z) = 2F'L + 2G'(M +N) Cos qf - 28'(M-N) Sin ge ; 
Bla) = 2F"L + 2G"(M +N) Cos qf - OH"(M - N) Sin ge ; 
and 
a Sin gat a Sin(b-a)t , ONS Sin(era)s 
Qi 2= = Cos @ Cos 6 


Here @ is tic angle between the dipole and the plane determi:ied by a 
vertical line through the dipole center and the line from the dipole center 
to the radar. The other symbols have the meanings given in connection with 


Equation (7). 


The cross section for three of the A values plotted as a function 
of the ratio of dipole half-length to wavelength for several elevation angles 
are shown in Figures 46 through 54. The cross sections for £/X values 
between .150 and 1.100, for the five A values (20, 100, 200, 500, 
2000), and for cloud. elevation between 0° and 90°, are given in the last 


three columns of the tabulation under the heading, Dipole Cross Sections. 


A program was written which used the answer cards of the cross-section 
program as data ecards to generate the ratio of dipole cloud responses to a 
vertically polarized radar and to a horizontally polarized radar for several 
values of t. the fraction of dipoles vertical. The ratios, expressed 
in decibels for the ranges of the parameters mentioned previously, are 
shown in the table following the text and also in Figures 1 through 45. 


The calculation perforued can be summarized by the following expression, 


Bie, an Ro, (0) + o (90) (6) 
—— (db) = 10 Iog : 10 
“hh =e o(90: | 
- 5- 
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where Ou and O,,, are the cloud cross sections seen by vertical and 

horizontal radars, and R is the ratio of the number of dipoles which are 
vertical to the number which are horizontal. The program was written to 
include the R values, 0/1.0, 0.1/0.9, 0.2/0.8, 0.4/0.7, etc., through 
0.9/0.1, corresponding to the values QO, O.1, 0.2, 0.3, etce., through 0.9 


for f) 
Vv 


The error in a (0) at cloud elevations near 90° is apparent in 
s- these results, as in DRL AF Technical Memorandum No. 47. At 90° elevation 
the vertical dipoles will be seen end-on by both the vertical and horizontal 
radars and they srould not contribute to the back-scattered radiation; i.e., 
0, (0) should be identically zero at @ = 90°. Under these conditions 


equation (10) reduces to 


4 ] 3a (90) 
= db = 10 Log, 3... (90) es 0 ) (11) 
hh “ m= hh 
9=90 
because o (90) | = aloe » St will be noticed that the 
vw" “@=90° BE “@=99° 


eross section listed in the tables for 9 = 90° deviates more and more 

from O db as the fraction of vertical dipoles increases. This error arises 
from approximations made in the Van Vleck current expressions which are 
invalid at incident angles near end-on. While these errors are not serious 


when averages are made over all orientation angles, they are quite serious in 


estimating the cyy(0)| cross section. The deviation of ai | 


6=90° 


from zero is an indication of the size of the error introduced at large 


@=90° 
angles into the ratio computation. The error decreases as @ decreases, 


becoming negligible between @ = 85° and @ = 60° . (See equation 43 of 
the Van Vleck paper.*) 
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With the cross sections and the ratio table it is possible (1) to 
predict the behavior of any chaff cloud under the assumption of no interaction 
between dipoles, or (2) to find the fraction of vertical dipoles for clouds 
consisting of dipoles all of one size, whose vertical to horizontal response 
ratio is known. As an example, suppose that a cloud of N dipoles is to be 


observed at elevation 6, that f is the fraction vertical, and that t/, 


and A= 8L/, are known. Then 0, /9,,,(db) can be obtained from the table 


using A, £/,, and f,. Similarly, Oy, (90)/= can be obtained from the 
next-to-last column on the same page. 


Then 
3, ,(90) | 
bh 2 . 
On = NA - £2) [ia r\ (12) 
=], [ ad 55 
(oJ = oN ine. O.2 Si ( 3 


The results in (12) and (13) will be the vertical and horizontal cross 


“sections due to N dipoles of a single length in the cloud. If there are 


Ny dipoles, N, dipoles, etc., of lengths Li, Lo» etc., having vertical 
cross sections o (1), (2), etc., and horizontal cross sections Ont), 


Onl2)s etc., each computed by equation (3) or (4), then, for independent 
behavior, 


o. = : opt) oh E A) (14) 


The units of the cross sections will be the same as the units used for 
Neer equation (12). 


For testing purposes, the reverse problem is of interest. The values 


of A, £/), » and 6 are usually known or ean be determined. The measured value 


of Sal Mie db is obtained, as well as the individual cloud cross sections 


- 7 - 
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o., and O° ‘The tables are entered with A, £/, , 8, and the measured 
polarization ratio to obtain the fraction of vertical dipoles. This procedure 

works, of course, only 7f all the dipoles in the cloud are of one size. The 
predicted o,, and o,, can then be obtained, using equations (12) and (13), 


for comparison of predicted values with the measured values. 


A few examples in which the computed values, obtained as described 
in the preceeding Paragraph, are compared with the experimental results are 
given in Figure 55. The experimental values were obtained with an S-band 
system and dipoles all of one length. This plot shows aon (meas (DRL) = 
Or (meas )/o,, (DRL), Plotted against £/, - In Figure 56 are found 
o._, (meas )/o(Van V.) and 0, (meas )/o(Van V.), in which the qualification 
"Van V." denotes that the dipole calculated response is averaged over an 
orientation distribution uniform in angular space; the qualification "DRL" 
denotes that the cloud is assumed to consist entirely of a mixture of vertical 
and horizontal dipoles. The Van Vleck cross sections were taken from the 
Standard Rolling Mills computation@?> of 1954-54. 


It is clear that the random-orientation distribution is inadequate to 
describe the behavior of chaff clouds in the atmosphere. It is also clear 
that the prediction for the horizontal-vertical distribution of dipoles seems 
to be almost uniformly 2 to 3 db too high for all dipoles near the tuned length. 
The point at £/y = 0.5 is somewhat lower. It is known that a large fraction 
of the dipoles fall with orientation at 45*° from the vertical. Perhaps the 
deviation of 6 db from the predicted values is in part due to this additional 
complication. 


nee 


These ratios are made equal by the assumption that the measured polarization 
ratio is the correct one. 
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SUMMARY : This comparison of measured and computed cross sections indicates 
that the integral-equation Kebhindque’ and random-orientation distribution 

gives cross sections which are in error. This means that chaff packages which 
have been designed using the previously computed data have an incorrect size 
for two reasons: (1) polarization effects amounting to 6 db are ignored; and 
(2) the factor-of-2 scale discrepancy of the, integral-equation technique causes 
the designer to specify too few dipoles. The polarization effects mst be 


taken into consideration. 


The predicted polarization ratios given in this memorandum are in 
agreement with those measured. The absolute cress sections predicted by tables 


in this memorandum are almost uniformly 3 to 4 db too high. 
Confirmation of these statements is given also by the total-cross- 


section measurements made with the bistatic radar; these results will be 


reported in a separate memorandum. 
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